Most empirical studies on price setting that use micro data focus on advanced industrial countries. In this paper we analyze the experience of an emerging economy, Slovakia, using a large micro-level dataset that accounts for a substantial part of the consumer price index (about 5 million observations). We find that market structure is an important determinant of pricing behavior. The effect of market structure on persistence of inflation results from two conflicting forces. Increased competition may reduce persistence by increasing the frequency of price changes. In contrast, higher competition may increase persistence through inertial behaviour induced by the strategic complementarity among price setters. In our case study, we find that the latter effects dominate. Indeed, the dispersion of prices is higher while persistence is lower in the non-tradable sectors, suggesting that higher competition is not conducive to lower persistence. Furthermore, we find that the frequency of price changes depends negatively on the price dispersion and positively on the product-specific inflation. These results seem consistent with predictions of Calvo's staggered price model.
Introduction
There is a large and growing body of empirical literature based on micro data on price setting in the euro area, with a view to uncover microeconomic sources of price inertia and possible asymmetries across countries (e.g. the "Inflation persistence network", see Dhyne et al., 2006) . By contrast, there is very little evidence based on comprehensive micro data on price setting in New European Union (EU) members (or other emerging economies). In this paper, we analyze actual prices for a wide range of products, which form a large proportion of the consumer basket in Slovakia. In addition to the richness of our dataset, the analysis of a country like Slovakia has two interesting implications.
First, in the sample period Slovakia experience an average rate of inflation near two-digit levels, in contrast to previous studies focusing on low inflation countries. In principle, pricing policies can be quite different from those in more stable macroeconomic environment (Calvo et al., 2002) .
Second, there is a debate in Europe on the potentially large asymmetries between price rigidity in the new as opposed to old EU members. These asymmetries would imply asymmetric effects of monetary policies for new member states when they will eventually join the euro area (Elbourne and de Haan, 2006) . The presence of strong asymmetries would call for delaying entry in the euro area. One of the main objectives of our analysis is indeed to verify the view according to which a country like Slovakia, undergoing a process of massive structural change and market liberalization, is characterized by a more rigid price system, inducing a higher degree of inertia (persistence) in price dynamics (Dhyne et al., 2006) . In fact, this view does not find empirical support in the case of Slovakia. By comparing price inertia for different sectors, characterized by different market structures, namely manufacturing vs. services, we find that a lower degree of market competition is associated with higher price dispersion and lower persistence. This should not come as a surprise, as in the well-known staggered price model of Calvo (1983) as market competition increases inertia tends to increase rather than decrease (see Calvo, 2000) . This result has relevant implications as the process of integration of Slovakia in the EU, and the attendant higher degree of competition in goods markets, is likely to increase rather than decrease inflation inertia.
The paper is organized as follows. In section 2, we discuss a simple analytical framework, which will serve as basis for the empirical analysis. In section 3, we study price setting behaviour of 423 narrowly defined products. More specifically, we estimate the frequency and magnitude of price changes, price dispersion and inflation persistence at the level of price setter using a unique dataset, covering a large component of the Slovak consumer price index (CPI) during the period [1997] [1998] [1999] [2000] [2001] . We identify the factors that affect price setting behaviour, namely, the determinants of frequency and size of price changes, the level of inflation persistence and price dispersion.
Section 4 concludes and provides some policy implications. Appendix contains the formal definitions of price setting descriptive statistics.
Price Setting Behavior
Although there is disagreement on the relevant theoretical model for price setting, Calvo's staggered price model has become a benchmark in the literature. In its reduced form, Calvo's model gives a useful framework for empirical analysis.
Calvo price setting has several virtues: first, it can accommodate the case of perfect competition and price flexibility as a limiting case; second, it highlights factors affecting inertia that are likely to be relevant in most theories of price adjustment; third, it allows to distinguish factors related to market structure from those linked to aggregate macroeconomic variables, that in turn are affected by policy.
As an illustration of the framework, consider the well-known New Keynesian Phillips curve (NKPC) obtained from a discrete time version of Calvo's model. As in Calvo (1983) , firms change their prices at random intervals, so that at each point in time there is a fraction α of firms that set new prices and a fraction 1-α that keep their prices unchanged. New prices are set optimally by firms facing a downward-sloping demand function with price elasticity -θ. Denoting with π the rate of inflation, such a NKPC relates current inflation to expected inflation and to
where β is the discount factor and ς a coefficient that characterizes the link between marginal costs and output. It is easy to show that the parameter ς is a decreasing function of the parameter θ, that measures the degree of competition in goods markets (see Woodford (2003) and Calvo (2000)). As markets become more competitive, ς declines. Under perfect competition (θ→∞) ς becomes zero. The model can be closed by deriving the dynamics of the output gap and assuming a policy rule determining the interest rate.
Focusing on two parameters of the model: α, the frequency of price adjustment and, θ, the elasticity of substitution among goods, Calvo's model has two main implications: first the higher is α , the faster is the adjustment (lower inertia); second, and much less noted in the literature (Calvo 2000 is the exception), the higher is θ, thus the more competitive are goods markets, the slower is the adjustment, and thus the higher is inertia. Note that in the simplest version of the model it is assumed that α is a constant. In Yun (1996) α is instead a function of the average inflation rate. In addition, α could be affected by market structure, and increase with market competition. Although more controversial, we assume in the empirical analysis that this channel could be at work, and thus, through higher α market competition reduces inertia. At the same time, market competition increases inertia through the parameter θ. The mechanism is related to the so-called strategic complementarity in price behavior and thus has to do with interaction among price setters (Woodford 2003) . The intuition is that as competition increases firms will tend to "follow the pack", as deviations from the average price may push the firm out of the market (see Calvo, 2000) . Summing up, increasing market competition may increase or decrease inertia (persistence) depending on the relative strength of two conflicting effects. One plausible assumption would be that the effect of varying α with average inflation is rather weak: it is necessary to have a substantial increase in average inflation to significantly modify price behavior in terms of frequency of adjustment (Golosov and Lucas, 2007) .
Empirical analysis

Dataset
The dataset contains the price records of 604 products collected at monthly frequency by the Slovak Statistical Office (SSO) in 38 districts in 1997-2001. For each record in the dataset, there is information on the date (month and year), district, product category code and the price of item.
The data allow tracking individual price dynamics. The price for each product is collected monthly at several stores in the district, but typically only from the capital town of the district. On average, about five stores are monitored in a particular district. As a result, each product contains around 10,000 records. Considering all products, the dataset contains more than 5 1 Note also that the deviation from the price of competitors has been found as one of the most important obstacles for price adjustment in surveys of euro area firms (see Fabiani et al., 2006) . 2 See Horvath and Vidovic (2004) for more details on the methodology of data collection at the SSO. millions observations. The dataset contains actual prices as opposed to quoted prices or price indices. The final dataset has been reduced, excluding those products that featured a relatively high share of missing records and regulated prices that account for up to 20 percent of the total CPI basket.
3 Table 1 indicates 12 categories in which products are classified, and reports the original weight of a given product category in the CPI basket, sample weight and the number of products in the sample for each category in the dataset. 
Evidence
This section contains evidence on price setting behavior in Slovakia. First, we characterize the dynamics of Slovak inflation and analyze its persistence at various levels of aggregation. Second, we estimate additional pricing statistics such as the frequency and size of price changes and examine correlations among them. Third, we study the determinants of price setting behavior.
Inflation Dynamics and Persistence
The average annual CPI inflation rate in Slovakia has been about 9% in the period 1998-2001.
There is a notable hike in the inflation rate starting in mid 1999, which has been caused mainly by price deregulations and regulated prices increases. This one-off shock has merely changed the price level and thus largely vanished after one year. From the end of 2000, there is a gradual slowdown in the inflation rate to some 6% at the end of the sample period. percentage points on average. The difference between official and sample inflation is attributable largely to the rate of increase in regulated prices. 4 Next, we examine the degree of inflation inertia by applying a non-parametric measure by Marquez (2004) and Dias and Marquez (2005) . This approach builds on the idea that a less persistent inflation is more likely to cross its long-run (possibly time-varying) mean of inflation rate. Specifically, a measure of persistence  is calculated as follows:
, where n is the number of times the series crosses its long-run mean and T is the number of observations.
Given the length of our sample, we opt for a simple univariate filter (Hodrick-Prescott filter) to approximate the long-run time-varying mean. , this contributed 5.9 percentage points to the official inflation and as such, it almost fully explains the difference between official and our sample inflation. 5 The standard smoothing parameter of 14400 has been used for all products. Different smoothing parameters, such as the one suggested by Ravn and Uhlig (2002) , had very little impact on the resulting estimates.
According to Dias and Marquez (2005) , the non-parametric approach has several attractive features over more common parametric measures, typically based on the sum of autoregressive parameters in the regression of inflation on its lagged values. Dias and Marquez (2005) derive finite sample and asymptotic properties of this non-parametric measure. When conducting Monte
Carlo simulations, they find that the bias of the estimate of persistence based on non-parametric approach is smaller for any sample size, as compared to the parametric measure. Besides, they argue that non-parametric measure is more robust to structural breaks and additive outliers, which is appealing in case of analysis of emerging market economies. Marquez (2004) The results on the degree of inflation persistence are also reported in Table 2 . Given asymmetries within the sectors, we average the product-level inflation persistence, instead of estimating persistence on sectoral data directly, to reduce the potential aggregation bias (see Granger, 1980 and Zaffaroni, 2004) . Indeed, the estimate of persistence of aggregate inflation is somewhat greater than the average of estimates at the product-specific level (0.9 vs. 0.87). All sectors display high persistence, with the persistence in services inflation being somewhat lower. 6 This is surprising, as the services production is relatively more labor intensive and as such, it is expected that the persistence should be greater than for the other sectors. It is noteworthy that Clark (2006) also does not find persistence in the services sectors in the U.S. to be greater than other components of consumer prices and, for some specifications, services exhibit the smallest persistence. Similarly, the results of Lunnemann and Matha (2004) for 15 EU countries indicate that services dummy is significantly negative in nearly all their fixed effects regressions of the determinants of persistence 7 (see also Altissimo et al., 2007 for further evidence on services often exhibiting smaller persistence than other products in the consumer basket). However, these papers do not provide an explanation for what may be labelled as 'services inflation persistence puzzle'.
Even though we do not want to overestimate the robustness of this result, it is remarkable that services, a sector typically characterized by a lower degree of competition, does not display higher persistence in inflation. It is worth noting that Calvo's model of staggered prices predicts such result, as higher degree of competition in the market produces a process of "follow the pack", which is consistent with a high degree of price homogeneity across firms (Calvo, 2000) . When markets are highly competitive individual prices cannot diverge much from the average, as firms would loose large shares of their market. In the limiting case of perfect competition, prices would be exactly the same across firms. This effect arises because the degree of strategic complementarity increases with higher competition, implying that the strategy of an individual price setting firm is an increasing function of the average strategy (price) in the market (see also Woodford, 2003) . Therefore, although competition reduces costly dispersion in prices, from a dynamic perspective it may increase persistence.
The difference in the results between the expenditure-weighted and non-weighted persistence in services inflation is largely driven by a single item 'complete lunch in a factory canteen'. This item's inflation persistence stands at 0.71 and its sample weight is 6.9%. 7 The same authors in a different study, Lunnemann and Matha (2005a) however report that if they exclude services from consumer prices then the estimated inflation persistence of the remaining basket declines in comparison to the full basket. 8 Coricelli (2005) discusses the implications of this issue for the conduct of monetary policy. An overview on inflation persistence and the conduct of monetary policy is presented in Levin and Moessner (2005) . Table 3 shows that the estimated expenditure-weighted frequency of price changes is 0.34 in our sample. This means that approximately one in every three consumer prices is changed in a given month. It implies that the expenditure-weighted average duration of a price spell is 3.75 months (and 4.2 months without CPI weights). As the distribution of the duration is asymmetric, the median duration reaches 3.9 months.
Frequency of Price Changes
9 Thus, consumer prices in Slovakia change more often than the one year frequency often found for the advanced market economies (see Dhyne et al., 2006) .
The greater frequency of price changes in Slovakia, as compared to advanced market economies, likely reflects more inflationary environment, as well as a smaller share of services in the consumer basket. Next, frequent price adjustments may also reflect structural changes in the economy. In such a context, demand tends to be more uncertain and, consequently, firms have to experiment to find their optimal price to be set. 10 The probability that the single price spell would last longer then 12 months is essentially zero in our sample. More specifically, there are only 3 out of 423 products having the average duration of price spells longer than one year.
There is a considerable degree of heterogeneity in terms of the frequency of price changes.
Products such as fruits and vegetables or gasoline typically change their price less than bimonthly.
On the other hand, several services keep the price fixed for almost 2 years. The duration of a sinlge price spell is more than 7 months for services. This is likely due to the fact that laborintensive services are typically less exposed to international competition. Furthermore, as noted by Bils and Klenow (2004) , the lower variability of demand for services can be behind their prolonged inaction in price adjustment. On the other hand, prices change most frequently for the raw goods. Diversification of inputs for raw goods is typically limited, as compared to processed goods and thus price changes are triggered more often. Frequency refers to the frequency of price changes, i.e. empirical probability that price of the product will change. Duration indicates the number of months between price changes. CPI weights are used for weighting. See Table 2 for the classification of products into categories.
The frequency of price changes between 0.1-0.4 is far more common than other frequencies (see Figure 3 ). There are only four products changing the price more often than in 80% of the cases. Table 4 puts our results in an international perspective. While the distribution of price stickiness seems to be relatively similar to more advanced countries, the frequency is somewhat higher reflecting the higher rate of inflation in Slovakia. Note that, despite lower rates of inflation, the frequency for the U.S. data is similar to that for Slovakia. However, as emphasized recently by Nakamura and Steinsson (2008) , the frequency of price changes for the U.S. is about half lower, when sales are excluded in the calculation of the frequency of price changes. In this case, the respective frequency falls to about 0.1, which is a value similar to the euro area. Sales thus seem to play more important role in the U.S. than in Europe, whereby the frequency is around 0.15 regardless whether sales are included or not. 
Magnitude of Price Changes
In this section, we estimate the average size of price increases and decreases. We find that the magnitude of price changes is sizeable in both directions. The average size of expenditureweighted price increases and decreases is 12% and -11%, respectively. The corresponding size of changes rises to 16% and -14% without CPI weights.
The results are comparable to the findings for other Euro area countries (see Dhyne et al., 2006) , which indicate that the magnitude of price changes is typically nearly 10%, both for price increases and decreases. In general, the larger size of price changes in Slovakia may indicate lower degree of market competition, as compared to more developed markets in Western Europe. Although most price increases and decreases range between 5-15% in absolute terms (274 and 303 products, respectively), there are very long tails toward one (see Figure 4 ).
Looking at the product groups, Table 5 shows that services exhibit the greatest magnitude of price changes, almost 15% in absolute terms. On the other hand, non-durables, raw goods and perishable products tend to display much smaller changes in prices. Durables and processed goods stand somewhere in between. 
Price Dispersion
Price dispersion is one of the main characteristics of the market structure. While there is a variety of theoretical models on price dispersion and market structure, recent empirical evidence suggest that price dispersion decreases with market competition. The results of Caglayan et al. (2008) show that price dispersion is lower in more competitive environment using micro level price data from Turkey. Baye et al. (2004) analyze internet prices and find that price dispersion is greater when smaller number of firms list their prices on internet price comparison site (this is also found by Leiter and Warin (2007) , who use different online shopping/price comparison site).
Similarly, Gerardi and Shapiro (2007) find a negative effect of competition on price dispersion in the U.S. airline industry, with the effect being the most significant on the routes with more heterogeneous customer base. We examine to what extent prices of identical products sold in the same month differ across different stores. Figure 5 shows large cross-sectional variation in price dispersion. Table 6 suggests that prices in services sector are by far the most dispersed, in comparison to nondurables, raw goods and perishables is twice as much. Interestingly, our results appear to be in line with Crucini et al. (2005) , who find, using micro data from the EU-15 that the price dispersion decreases with tradability of the product. 
Trade-off between Frequency and Size of Price Changes?
Menu costs models predict that when there are significant costs of price adjustment, price adjustment should occur less frequently and the change should be sizeable (Mankiw, 1985) . In this regard, Carlton (1986) finds a negative correlation between the frequency of price changes and the average absolute price change. In principle, the correlation may differ according to whether the price increases or decreases. We find that the simple correlation between productspecific frequency and size of price increases is -0.03, but fails to be significant. On the other hand, frequency the size of price decreases are negatively correlated, with a coefficient oft -0.17, significant at 5% level. This would suggest some mild support for the notion of trade-off between the frequency and the magnitude of price changes.
To examine this issue further, we fit a spline function among the frequency, size of price increases and decreases. Interestingly, the results in Figure 6 point to a negative relationship between the frequency and size only for more rigid prices.
11 For some components of the basket, the relationship is even reversed. These are products changing prices often and by large amounts (such as fruits and vegetables). There also seem to be products with convex costs of price adjustment, in line with Rotemberg (1982) model. For instance, products such as gasoline change prices often, but only by a tiny magnitude.
We next try to identify the factors that affect the firm's price behavior, analyzing the determinants of inflation persistence, frequency of price changes and price dispersion. Table 7 presents the results on the determinants of inflation persistence. Price dispersion, as a proxy for the level of market competition, tends to decrease persistence. 12 This is in line with our conjecture laid out in section 2; a more competitive environment is associated with greater persistence of shocks. Furthermore, a greater frequency of price changes is associated with smaller persistence. Galí (2004) emphasizes that this finding is likely to be a consequence of the backward looking behavior of some fraction of price setters. Assuming a hybrid NKPC as in Gali and Gertler (1999), he shows that inflation persistence is an increasing function of the fraction of backward looking price setters. In this regard, Cecchetti and Debelle (2006) claim that greater price rigidity generates more backward looking behavior and thus more persistence. It is worth mentioning that here our results differ from Bils and Klenow (2004) , who report a positive correlation between the frequency of price changes and inflation persistence for their full sample (and statistically insignificant correlation for the restricted sample). In contrast, we find a statistically significant correlation of -0.14, which gives some support to Calvo pricing model. Next, staggered price setting models in general predict that in the steady state the products with less frequent price changes exhibit greater price dispersion and smaller product-specific inflation rate. The price dispersion among the homogenous products may occur because of the inability of firms to adjust instantaneously their price to a given shock. The greater the inability, the greater is price dispersion. Higher inflation rates erode the real price more quickly and therefore price adjustment is triggered more often. Baharad and Eden (2004) try to discriminate between staggered price models and uncertain and sequential trade (UST) models by running a regression between the frequency of price changes and price dispersion and inflation rate. 13 In contrast to the UST model, the staggered price model implies a significant relationship between frequency of price changes, price dispersion and inflation rate. In addition, following Bils and Klenow (2004) , we also examine the importance of product characteristics in determining the length of inaction in price adjustment. Table 8 contains our results on the determinants of frequency of price changes. The results suggest that product characteristics matter for the frequency the price changes and according to column (5) explain about 60% of cross-sectional variation in the frequency of price changes.
Determinants of Price Setting Behavior
Individual inflation rate is statistically significant, albeit given the size of estimated coefficients the results indicate that its effect is rather small, which comply with Golosov and Lucas (2007) . Price dispersion seems to be associated with less frequent price changes, but this result should be interpreted with caution, as the test for overidentifying restrictions is in this case rejected. 14 All in all, our results give support to the staggered price setting model. To assess the determinants of price setting behaviour further, we focus on the price dispersion.
Two prominent theories -menu cost and search models -link price dispersion to inflation and the frequency of price changes and predict that higher inflation increases price variability, while more frequent price changes should reduce it (Caglayan et al., 2008) . Table 9 contains our results on the determinants of price dispersion. We find that greater frequency of price changes decreases the dispersion, while individual inflation increases it. The latter finding is in line with large empirical literature represented by e.g. Lach and Tsidon (1992) and Konieczny and Szkrypacz (2005) , who find that inflation adds to price variability, while the former comply with Caglayan et al. (2008) . In addition, prices in services exhibit greater dispersion. On the other hand, prices of raw goods are typically less dispersed. 
Conclusions
The analysis on price setting for a large micro dataset based on actual prices indicates that Slovakia shares many of the features found in micro studies for advanced market economies. All in all, not only average inflation, but also the frequency of price changes and the persistence in inflation appear to be higher in Slovakia as compared to advanced economies. The significantly higher persistence in emerging economies that are in the process of joining the European Monetary Union is a cause for concern for policy-makers in the euro area, as it would imply asymmetric effects of the common monetary policy, and persistent disequilibria in real exchange rates across members of the Eurozone.
Looking forward, higher market competition brought about by the integration in the European
Union and in the European Monetary Union is unlikely to reduce such persistence, as our results indicate a positive correlation between market competition and inflation persistence. By contrast, an increase in the importance of the service sectors that are at present compressed in emerging countries like Slovakia may in fact reduce persistence. Therefore, it is not easy to predict the tendency in persistence as Slovakia becomes more and more integrated in the EU and its economic structure converges to that of EU countries.
APPENDIX 1 -PRICING STATISTICS
In this Appendix we derive formally the pricing statistics used in the paper. This includes the frequency of price changes, duration of single price spell, the size of price increases/decreases, and price dispersion (inflation persistence is already defined formally in the main text).
To define the frequency of price changes and duration of single price spell formally, let ist p denote the price of product i in store s at time t , where
As a result, the product-specific frequency of price changes, i  , is computed as:
We compute average duration of single price spell,  , as simple average over product-specific The product-specific size of price increases, i  , is computed as
. Similarly, the product-specific size of price decreases, i  , is computed as
. The average size of price change can be computed as the simple or weighted average (or median) of product-specific size of price changes.
Product-specific price dispersion is defined as follows.
is a logarithm of average price of product i at region j . 
THE RESULTS ON PRODUCT-SPECIFIC DESCRIPTIVE STATISTICS
